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Abstract 
Changing germination conditions in the field make it interesting to vary the seeding depth of corn during 
planting. To develop the theoretical background and to evaluate if a variation would make sense soil matric 
potential and soil temperature were simulated for eleven different soil types. This data was used to feed two 
different germination model approaches. Based on the germination models a useful seeding depth for every soil 




The temperature and moisture demands of corn make a variation in seeding depth 
interesting. A low seeding depth guarantees a warm seed bed but risks the dehydration of the 
seed because of less water availability. Deeper seeding might place the corn in a cold and wet 
soil where germination is delayed and the conditions are favourable for fungi infection. To 
estimate the potential of a variation of seeding depth it is necessary to work out the theoretical 
background for different soil types. 
 
MATERIAL AND METHOD 
 
Seeds need a certain amount of heat and water for germination. Soils must be able to 
conduct the necessary heat and water to the seed in a certain time so germination can occur.  
 
Importance of water 
The seed water uptake depends on the water availability in the soil. After Ehlers [1] 
the water content at germination is between 44 and 100% on a dry weight basis. Different 
water contents at the time of germination are because of different matic potentials in the soils. 
A seed placed in a dry soil will have lower water content at germination than a seed that was 
placed in a wet soil. After Hadas & Russo [2] a small matric potential leads to a low seed 
water uptake but does not affect germination. At least until the matric potential does not fall 
below the minimum.  
Finch-Savage et al. [3] found a minimum matric potential of -5MPa in polyethylene glycol. In 
natural soils it is at least -1.5 MPa after Hunter & Erickson [4]. Important for a successful 
germination is not the water content but the matic potential and the hydraulic conductivity.  
 
Importance of temperature 
Corn is a heat sensitive plant which has its origins in Mexico. That is the reason why 
corn has high temperature demands. Corn has a minimum temperature of 10°C and an 
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optimum temperature between 30 and 34 °C (Erickson [5]). Corn needs a mean temperature 
of 10°C (Bunting [6], Coffman [7], Cummins & Parks [8]).  
Low temperature has different influence on the seed. so called cold stress depends on 
the water content of the seed. Below 15% water content corn survives cold stress of -22°C 
(Miedema [9]). With a higher seed water content injuries can occur when the seed is exposed 
to temperatures below 10°C. After Buckle & Grant [10] high diurnal temperature changes are 
responsible for incomplete germination and emergence.  
 
Varying conditions in the field 
Different seedbed conditions are referable to spatial variation of soil type, topology 
and aggregate size. Different soil compositions lead at first to different water retention curves 
depending on the content of sand, silt and clay in the compositions and second to different 
germination conditions. 
To identify the amount of differences based on soil types the soils are classified in to 
four groups: sand, silt, clay and loam. Eleven soil type groups are identified from the four 
groups.  
 
Modelling soil matric potential and temperature 
The matric potential and the soil temperature can be simulated. Richards [11] found an 
equation to describe the water content as a function of time and position. The first derivation 
of the water content from the time is equal to the second derivation of the matric potential to 
















Then the heat equation is solved. The heat conductivity K depends on the soil type and the 
water content:  
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Modelling germination and emergence 
The simulated matric potentials ψ  and temperatures ϑ  of the different soil types are 
used to dissemble germination and emergence of corn. Approach 1 is to use thermal and 
hydro time models. Dahal et al. [12] combined a thermal and a hydro time model to a 
hydrothermal time model: 
( )( )( ) pbbHT tTTp ⋅−−= ψψθ  
Where )( pbψ  is a minimum hydraulic potential which is necessary to germinate a percentage 
of p  seeds. bT  is the base temperature of corn. HTθ  is the hydrothermal time which is 
necessary to germinate a population of p  percent seeds and is 88.8 MPa°Cd for corn. The 
simulated values for ψ  and ϑ  can now be used to calculate the time pt  which is necessary for 
the germination of p  percent of seeds. These steps are accomplished for different seeding 
depths in order to compare soil types and seeding depths. This approach has been shown 
adequately to describe germination curves produced in a wide range of suboptimal constant 
temperatures and water potentials. 
Approach 2 is to identify for every seeding depth whether germination could occur or not. 
Therefore terms for germinating known from the literature are used: 
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 matric potential must be at least -1.5 MPa (Hunter & Erickson [4]) 
 mean soil temperature > 10°C (Bunting [6], Coffman [7], Cummins & Parks [8]) 
 maximum daily soil temperature change <12°C (Buckle & Grant [10]) 
If all those conditions are met the germination could occur in that seeding depth.  
 
RESULTS AND DISKUSSION 
 
Figure 1 shows the result of the calculation of approach 1 for two different dates. One 
can see that on the early seeding date, the time for germination is different for the individual 
seeding depths. But the emergence occurs homogeneous and in a short period of time. The 
results of the late seeding date show that the seeds in all seeding depths germinate at almost 
the same time, but the emergence is very different for the individual seeding depths. It is 






Figure 1: Results for approach 1, germination and emergence for an early and a late planting date 
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Figure 2 shows the results of approach 2. The box plot is drawn from simulated data 
over 55 years and during planting and germination time from the beginning of April to the end 
of May. One can see the differences of the soil type groups. It is observable that in a very 
sandy soil (e.g. ss) a deeper seeding depth is more favourable – the median is close to 8 cm. In 
loamy soils like ll the median is about 4 cm so corn would find favourable germination 




Figure 2: Modelling results for approach 2, calculated for 55 years in a time period from the beginning of April 




Approach 1 is a well established model which was established by many scientists. But 
the disadvantage is that in every seeding depth germination and emergence will occur 
completely. This does not reflect the reality at all, since we can hardly find a complete 
germination of 100% of the seeds. The problem is that this approach does not consider the 
injuries which can occur at low temperatures. This model would only react in a delayed 
germination but not it a lower germinated population. Approach 1 leads to lower germination, 
when the matric potential is lower than -2 MPa for the whole germination time. But this 
values of the matric potential have only been calculated very seldom in a seeding depth of one 
or two centimetres. Another disadvantage is that there is not a big difference in the time for 
germination among the individual seeding depths. Based on the results of approach 1 it is not 
possible to identify a favourable seeding depth. 
Approach 2 is based on qualitative conditions. Only if the conditions are favourable for all 
terms (temperature and matric potential) the seeding depth is considered as favourable for 
germination. If one term does not fulfil the defaults the seeding depth is not considered as 
favourable. The results from approach 2 can be used to derive a process for variation of 
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